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(54) Drive apparatus for optical recording medium 



(57) An apparatus for driving an optical pickup (2) 
for a tracking servo control. The apparatus includes an 
emitting device disposed in the optical pickup for emit- 
ting a main beam to a first position on an information 
track of a recording medium (1) and emitting at least two 
subsidiary beams to a second position and a third posi- 
tion on the information track of the recording medium, 
respectively. The positions of the main beam and the 
subsidiary beams are determined appropriately for a 
three beam method. The apparatus further includes: a 
tracking error signal generating device (2, 52, 53, 55) for 
generating a tracking error signal using returned light 
beams of the subsidiary beams from the recording 
medium; a driving device (13) for moving the first posi- 
tion of the main beam and the second position and the 
third position of the subsidiary beams with respect to 
the recording medium; a tracking control device (5, 9 to 
12, 14, 15, 17, 18) for outputting a driving signal based 
on the tracking error signal to the driving device; and a 
detecting device (16) for detecting a damaged part on 
the recording medium. The tracking control device gen- 
erates a pulse signal having a polarity opposite to a dis- 
turbance part of the driving signal generated due to at 



least one of the subsidiary beams passing on the dam- 
aged part, and uses this pulse signal as a part of the 
driving signal. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a drive 
apparatus for an optical recording medium such as an 
optical disk, more specifically relates to a drive appara- 
tus for stabilizing tracking servo by applying a hold volt- 
age to a driver of an optical pick-up upon detection of a 
defect. 

2. Description of the Related Art 

[0002] In a recording/reproducing apparatus for 
recording and reproducing information onto/from a disk 
such as CD (Compact disk) or LD (laser disk), informa- 
tion is accurately read from a recording track on the 
disk. In order to read the information accurately, a servo 
technique is used in the recording/reproducing appara- 
tus. More concretely, a closed circuit loop for feedback 
is formed in the recording/reproducing apparatus, and a 
speed of a pick-up and disk, a position of a track and a 
focus of a lens are driven and controlled by the closed 
circuit loop. 

[0003] In such a servo technique, an error signal is 
generated on the basis of a signal input from the pick- 
up. Further, error signal generating means for generat- 
ing this error signal has a gain control function for con- 
trolling an input voltage so that its value becomes 
suitable. As this gain control function, an auto gain con- 
trol circuit is frequently used. 

[0004] Particularly, a technique for inputting a signal 
oscillated from a disturbance source as an input signal 
into a servo circuit and making the auto gain control 
using the signal is known. This technique is effective 
because the gain control value can be measured accu- 
rately in the servo circuit. When the auto gain control 
operation is performed before actual reproducing oper- 
ation, the gain control in the servo circuit can be made 
accurately, and thus stable servo operation can be real- 
ized. 

[0005] However, when a light beam passes on a 
black dot, a scratch or the like, a defect occurs in an out- 
put signal which is obtained from an optical pick-up by 
receiving a returned light, and thus a normal RF signal 
and tracking error signal cannot be obtained. As a 
result, there is a possibility that the servo occasionally 
disrupted. 

[0006] In order to prevent this, a conventional 
recording/reproducing apparatus is provided with defect 
detecting means. When a defect is detected by the 
defect detecting means, a driving signal to be given to 
the driver of the optical pick-up is held with its level 
being fixed to DC level just before the detection of the 
defect. As a result, an influence of the defect can be 
eliminated, and thus the servo can be stabilized. 



[0007] However, in the conventional record- 
ing/reproducing apparatus, in the case where a 3-beam 
type optical pick-up is used, the following problem 
arises. When a beam passes on a black dot or a 

5 scratch, a tracking error signal slightly changes into 
positive or negative signal certainly. Due to the change 
in the tracking error signal, a pulse-type driving signal is 
output to the driver of the optical pick-up. As a result, an 
objective lens of the optical pick-up greatly shifts to a 

io predetermined direction before the holding effect is pro- 
duced. As a result, the light beam is greatly displaced, 
and the reproducing performance is deteriorated. 

SUMMARY OF THE INVENTION 

15 

[0008] It is an object of the present invention to pro- 
vide a drive apparatus for an optical recording medium 
which is capable of stabilizing tracking servo upon 
detection of a defect even in the case where a three- 

20 beam type optical pick-up is used. 

[0009] A drive apparatus in accordance with the 
present invention drives an optical pickup for a tracking 
servo control. The drive apparatus includes an emitting 
device disposed in the optical pickup for emitting a main 

25 beam to a first position on an information track of a 
recording medium and emitting at least two subsidiary 
beams to a second position and a third position on the 
information track of the recording medium, respectively. 
The second position is different from the first position at 

30 least in a tangential direction of the recording medium. 
The third position is different from the first position at 
least in a tangential direction of the recording medium. 
Also, the second position is different from the third posi- 
tion at least in a tangential direction of the recording 

35 medium. The drive apparatus further includes: a track- 
ing error signal generating device for generating a track- 
ing error signal using returned light beams of the 
subsidiary beams from the recording medium; a driving 
device for moving the first position of the main beam, 

40 the second position of one of the subsidiary beams and 
the third position of the other of the subsidiary beams 
with respect to the recording medium; a tracking control 
device for outputting a driving signal based on the track- 
ing error signal to the driving device; and a detecting 

45 device for detecting a damaged part on the recording 
medium. The tracking control device has a pulse signal 
generating device for generating a pulse signal having a 
polarity opposite to a disturbance part of the driving sig- 
nal generated due to at least one of the subsidiary 

so beams passing on the damaged part. The tracking con- 
trol device then uses the pulse signal as a part of the 
driving signal. 

[0010] In the drive apparatus of the present inven- 
tion, when one of the subsidiary beams passes on a 
55 damaged part such a black dot or scratch existing on 
the recording medium, a defect is formed in reading sig- 
nals based on the returned light beams of the subsidiary 
beams from the recording medium. Since the positions 
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of the subsidiary beams are different from each other in 
at least a tangential direction of the recording medium, 
the timing that one of the subsidiary beams passes on 
the black dot (or scratch) and the timing that the other 
passes on the black dot (or scratch) are different in time. 5 
Because the tracking error signal is generated by, tor 
example, subtraction or addition of the two reading sig- 
nals obtained from the returned light beams of the sub- 
sidiary beams, the difference between the timings that 
the subsidiary beams pass on the black dot (or scratch) w 
generates noise parts in the tracking error signal, and 
the waveform of each noise part is in the shape of a pro- 
jection or horn. This means that the noise part has high 
frequency components. If the frequency components in 
the noise part exceed a frequency band of the tracking 75 
servo, it is difficult to remove the noise part. If the noise 
part remains in the tracking servo signal, the driving sig- 
nal is disturbed and a disturbance part is formed in the 
driving signal. As a result, the driving device moves the 
positions of the main beam and the subsidiary beams to 20 
incorrect positions, and the main beam is thus displaced 
from a target information track. 

[0011] To reduce the influence of the disturbance 
part of the driving signal on the operation of the driving 
device, the tracking control device has the pulse signal 25 
generating device. The pulse signal generating device 
generates a pulse signal having polarity opposite to the 
disturbance part of the driving signal, when the dam- 
aged part on the recording medium is detected by the 
detecting device, and then, the tracking control device 30 
uses the pulse signal as a part of the driving signal. By 
supplying the pulse signal to the driving device as a part 
of the driving signal, the driving device moves the main 
beam in the direction opposite to the moving direction of 
the main beam when the disturbance occurs in the driv- 35 
ing signal, and thus the main beam is returned to the 
target information track immediately. Thus, according to 
the present invention, even in the case where one or 
both of the subsidiary beams passes on the damaged 
part on the recording medium, the tracking servo is exe- 40 
cuted stably. 

[0012] In the above-mentioned drive apparatus, a 
signal maintaining device may be added to the tracking 
control device. The signal maintaining device sets the 
level of the driving signal at a hold level after the tracking 45 
control device uses the pulse signal as a part of the 
drive signal, and maintains the hold level for a predeter- 
mined period of time. The hold level is equal to the level 
of the driving signal in the state before the detecting 
device detects the damaged part. Furthermore, the sig- so 
nal maintaining device may maintain the hold level until 
the detection of the damaged part with the detecting 
device ends. 

[0013] While the damaged part is detected by the 
driving device, the normal tracking error signal cannot 55 
be obtained. The signal maintaining device therefore 
sets the level of the driving signal at the hold level, for 
example, until the detection of the damaged part ends, 



after the tracking control device uses the pulse signal as 
a part of the driving signal. Since the hold level is equal 
to the level of the driving signal in the state before the 
detection of the damaged part, the influence of the dam- 
aged part can be reduced, so that the stable tracking 
servo can be achieved. 

[0014] In the above-mentioned drive apparatus, a 
pulse setting device for setting a level or a pulse width of 
the pulse signal may be added. In this case, the pulse 
setting device may determine the level or the pulse 
width of the pulse signal on the basis of an amount of a 
movement of the main beam due to the disturbance part 
of the driving signal. 

[0015] When the pulse signal generating device 
generates the pulse signal, the pulse setting device 
determines the level or the pulse width of the pulse sig- 
nal on the basis of the amount of the movement of the 
main beam due to the disturbance part of the driving 
signal. Therefore, a pulse signal suitable for reducing 
the influence of the disturbance part is generated. 
[0016] In the above-mentioned drive apparatus, a 
gain detecting device for detecting a gain of the tracking 
control device and a pulse setting device for setting a 
level or a pulse width of the pulse signal on the basis of 
the gain of the tracking control device may be added. 
[00173 The variation of the gain of the tracking con- 
trol device causes the increase or decrease of the level 
of the disturbance of the driving signal, and thus an 
amount of the main beam movement due to the distur- 
bance of the driving signal increases or decreases.. 
Therefore, the influence of the disturbance of the driving 
signal can be reduced by determining the level or the 
pulse width of the pulse signal on the basis of the gain 
of the tracking control device. 

[0018] In the above-mentioned drive apparatus, a 
level detecting device for detecting a level of the tracking 
error signal and a pulse setting device for setting a level 
or a pulse width of the pulse signal on the basis of the 
level of the tracking error signal may be added. 
[0019] The increase or decrease of the level of the 
tracking error signal relates to the increase or decrease 
of the gain of the tracking servo loop, and thus causes 
the increase or decrease of the disturbance of the driv- 
ing signal, and thus an amount of the main beam move- 
ment due to the disturbance of the driving signal 
increases or decreases. Therefore, the influence of the 
disturbance of the driving signal can be reduced by 
determining the level or the pulse width of the pulse sig- 
nal on the basis of the level of the tracking error signal. 
[0020] In the above-mentioned drive apparatus, an 
RF signal generating device, an RF signal level detect- 
ing device and a pulse setting device may be added. 
The RF signal generating device is a device for generat- 
ing an RF signal on the basis of a returned light beam of 
the main beam from the recording medium. The RF sig- 
nal level detecting device is a device for detecting a level 
of the RF signal. The pulse setting device is a device for 
setting a level or a pulse width of the pulse signal on the 
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basis of the level of the RF signal. 
[0021] The RF signal is generated from the 
returned light beam of the main beam. The increase or 
decrease of the level of the RF signal relates to the 
increase or decrease of the gain of the tracking servo s 
loop, and thus causes increase or decrease of the dis- 
turbance of the driving signal, and thus an amount of 
the main beam movement due to the disturbance of the 
driving signal increase or decrease. Therefore, the influ- 
ence of the disturbance of the driving signal can be io 
reduced by determining the level or the pulse width of 
the pulse signal on the basis of the level of the RF sig- 
nal. 

[0022] Moreover, a gain detecting device for detect- 
ing a gain of the tracking control device, a level detect- is 
ing device for detecting a level of the tracking error 
signal, an RF signal generating device for generating an 
RF signal on the basis of a returned light beam of the 
main beam from the recording medium, an RF signal 
level detecting device for detecting a level of the RF sig- 20 
nal, and a pulse setting device for setting a level or a 
pulse width of the pulse signal on the basis of the gain 
of the tracking control device, the level of the tracking 
error signal and the level of the RF signal may be added 
to the above-mentioned drive apparatus. By determin- 25 
ing the level or the pulse width of the pulse signal on the 
basis of the gain of the tracking control device, the level 
of the tracking error signal and the level of the RF signal, 
the pulse signal appropriate for reducing the influence 
of the disturbance of the driving signal can be gener- 30 
ated. 

[0023] Moreover, in the above-mentioned drive 
apparatus, the pulse setting device (14) may incudes 
calculation device for generating a calculation value 
using a first value representing the gain of the tracking 35 
control device, a second value representing the level of 
the tracking error signal, a third value representing the 
level of the RF signal, a first coefficient for weighting the 
gain of the tracking control device, a second coefficient 
for weighting the level of the tracking error signal, and a 40 
third coefficient for weighting the level of the RF signal, 
and the pulse setting device may set the level or pulse 
width of the pulse signal on the basis of the calculation 
value. 

[0024] The nature, utility, and further feature of this 45 
invention will be more clearly apparent from the follow- 
ing detailed description with respect to preferred 
embodiments of the invention when read in conjunction 
with the accompanying drawings briefly described 
below. 50 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] 

55 

FIG. 1 is a block diagram showing a structure of a 
CD drive apparatus according to a first embodiment 
of the present invention; 



FIG. 2 is a diagram showing a structure of a pick-up 
and a pre-amplif ier for obtaining an RF signal and a 
tracking error signal in the CD drive apparatus 
shown in FIG. 1; 

FIG. 3 is an explanatory diagram showing an auto 
gain adjustment block in the CD drive apparatus 
shown in FIG. 1 ; 

FIG. 4 is a diagram showing an operational 
sequence in the CD drive apparatus shown in FIG. 
1; 

FIG. 5 is a block diagram showing a structure of the 
auto gain adjustment block in the CD drive appara- 
tus shown in FIG. 1 ; 

FIG. 6 is a diagram showing a defect which is gen- 
erated in an RF signal when a main beam passes 
on a black dot, an RF signal shape corresponding 
to the defect input into a defect detector, and a 
waveform of the RF signal corresponding to the 
defect in the CD drive apparatus shown in FIG. 1 ; 
FIG. 7 is a diagram showing a defect which is gen- 
erated in an RF signal when a main beam passes 
on a scratch, and a waveform of the RF signal cor- 
responding to the defect in the CD drive apparatus 
shown in FIG. 1 ; 

FIG. 8 is a diagram showing the RF signal when the 
main beam passes on a black dot or scratch, a 
tracking error signal and a defect detecting signal at 
that time, a driving signal to be output to the driver 
and a change in a lens position when the driving 
signal is output to the driver in the CD drive appara- 
tus shown in FIG. 1 ; 

FIG. 9 is a diagram showing an output signal of a 
photo detector of an E channel when a leading sub- 
sidiary beam passes on a black dot or scratch, an 
output signal of the photo detector of an F channel" 
when the trailing subsidiary beam passes on a 
black dot or scratch, a tracking error signal which is 
obtained from a difference between the output sig- 
nals of the photo detector of the E channel and the 
photo detector of the F channel, and a defect 
detecting signal in the CD drive apparatus shown in 
FIG. 1; 

FIG. 10 is a diagram showing a measured wave- 
form of the driving signal to the driver when the light 
beam passes on a black dot or scratch, a measured 
waveform of the tracking error signal, a measured 
waveform of the RF signal and a measured wave- 
form of the defect detecting signal in the CD drive 
apparatus shown in FIG. 1 ; 

FIG. 1 1 is a block diagram showing a structure of a 
CD drive apparatus according to a second embodi- 
ment of the present invention; 
FIG. 12 is an operational sequence showing an 
auto gain adjustment process and a reset pulse 
correcting process in the CD drive apparatus 
shown in FIG. 1 1 ; 

FIG. 13A is a diagram showing a tracking error sig- 
nal when the light beam passes on a black dot or 
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scratch in the CD drive apparatus shown in FIG. 1 1 ; 
FIG. 1 3B is a diagram showing an output signal of a 
servo equalizer at the time of gain a of the servo 
equalizer; 

FIG. 13C is a diagram showing an output signal of 
the servo equalizer at the time of gain b of the servo 
equalizer; 

FIG. 14A is a diagram showing a driver driving sig- 
nal at the time of gain a of the servo equalizer in the 
CD drive apparatus shown in FIG. 1 1 ; 
FIG. 14B is a diagram showing a driver driving sig- 
nal at the time of gain b of the servo equalizer in a 
comparative example where a correcting process is 
not executed for the reset pulse; 
FIG. 14C is a diagram showing a driver driving sig- 
nal at the time of gain b of the servo equalizer in the 
present embodiment where the correcting process 
is executed for the reset pulse; 
FIG. 15 is a block diagram showing a structure of a 
CD drive apparatus according to a third embodi- 
ment of the present invention; 
FIG. 16 is an operational sequence showing the 
auto gain adjustment process and the reset pulse 
correcting process in the CD drive apparatus 
shown in FIG. 15; and 

FIG. 17 is a diagram showing an RF signal when 
the main beam passes on a black dot or scratch, a 
tracking error signal and a defect detecting signal at 
that time, a driving signal output to the driver, and a 
change in the lens position when the driving signal 
is output to the driver in a CD drive apparatus of a 
comparative example. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] There will be described below preferred 
embodiments of the present invention with reference to 
the diagrams. 

(i) First Embodiment 

[0027] The present embodiment is a CD drive 
apparatus for a car, and this drive apparatus has a func- 
tion for giving a reduced speed pulse to a driver of an 
optical pick-up upon detection of a defect so as to stabi- 
lize tracking servo. 

[0028] FIG. 1 shows a structure of the CD drive 
apparatus according to the present embodiment. In 
FIG. 1 , the CD drive apparatus according to the present 
embodiment includes: a disk 1 as an optical recording 
medium onto which a signal was recorded; a pick-up 2 
for reading the recorded signal from an information track 
of the disk 1 through a lens (not shown); a carriage 
motor 3 for driving the pick-up 2 in a radial direction of 
the disk 1 ; a spindle motor 4 for rotating the disk 1 ; a 
pre-amplif ier 5 for amplifying the signal read by the pick- 
up 2 so as to output a binarized RF signal as well as a 
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focus error signal, a tracking error signal and the like; a 
signal processor 6 for generating a signal (CLV) for con- 
trolling a speed of the spindle motor 4 from the binarized 
RF signal, and executing EFM decoding from the RF 

5 signal, correction decoding by means of CIRC and the 
like so as to convert the signal into a digital signal of 16 
bits and to transmit the digital signal to a D/A converter 
11; a D/A converter 7 for converting the 16-bit digital 
signal into an analog signal; and a low-pass filter (LPF) 

10 8 for letting the analog signal pass an audio frequency 
band and eliminating a noise portion therefrom so as to 
output the audio signal. 

[0029] As shown in FIG. 2, the pick-up 2 is a 3- 
beam type pick-up. The pick-up 2 divides a light beam 

75 emitted from a laser diode into three beams by means 
of grating. One of the three beams is a main beam for 
• detecting a RF signal, and the two beams are subsidi- 
ary beams for detecting a tracking error signal. Posi- 
tions of spots formed on the disk 1 by the subsidiary 

so beams are slightly separated from the main beam in a 
CD rotational direction (tangential direction) and in a 
radial direction. 

[0030] In addition, the pick-up 2 has a photo detec- 
tor. As shown in FIG. 2, the photo detector has a 4- 

25 divided photo detector 51 for the main beam, and two 
photo detectors 52 and 53 for the subsidiary beams. 
Outputs of four channels A, B, C and D of the four- 
divided photo detector 51 are added to each other by an 
adder 54 of the pre-amplifier 5 so that a RF signal is 

30 obtained. Moreover, an output of an E channel of the 
photo detector 52 for the subsidiary beam on the lead- 
ing side in the CD rotational direction (tangential direc- 
tion) is subtracted from an output of an F channel of the 
photo detector 53 for the subsidiary beam on the trailing 

35 side in the CD rotational direction (tangential direction) 
by a subtracter 55 of the pre-amplif ier 5 so that a track- 
ing error signal is obtained. As shown in FIG. 2 P when 
the main beam is on the track, a difference in the out- 
puts between the E channel and the F channel based 

40 on reflected light beams (returned light beams) of the 
subsidiary beams on the leading and trailing sides is 
zero. When the main beam shifts one of the sides with 
respect to the radial direction of CD, the output of one 
channel becomes large, and it is detected as the track- 

45 ing error signal. 

[0031] Further, as shown in FIG. 1, the CD drive 
apparatus according to the present embodiment 
includes: an auto gain adjustment block 9 for adjusting 
gains of various error signals supplied from the pre- 

so amplifier 5 so as to adjust the error signals to a prede- 
termined signal level to a servo system; a servo equal- 
izer 10 for adjusting a frequency for servo; a hold 
equalizer 11 for holding an output value of the servo 
equalizer 10 upon detection of a defect; a switch 12 for 

55 selecting one of the outputs of the servo equalizer 10 
and the hold equalizer 1 1 ; a driver 13 for amplifying an 
electric current of a driving signal which was output and 
generated by the servo equalizer 10 or the hold equal- 
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izer 1 1 via the switch 1 2 so as to drive a focus/tracking 
coil (not shown), the carriage motor 3 and the spindle 
motor 4 of the pick-up 2; a micro computer 14 for con- 
trolling the whole system; and a memory 15 for storing 
an auto gain adjustment value thereinto. 
[0032] The hold equalizer 1 1 has a low-pass filter or 
a digital filter. The hold equalizer 1 1 holds a tracking 
level of the tracking error signal which tracks an eccen- 
tric component from which a "horn-shaped component" 
was eliminated. 

[0033] The CD drive apparatus according to the 
present embodiment further includes: a defect detector 
16 for detecting a defect based on the RF signal gener- 
ated and output from the pre-amplif ier 5; a pulse gener- 
ator 17 for when the defect detecting signal is output by 
the defect detector 16, outputting a predetermined 
pulse signal; and an adding portion 17 for adding the 
pulse signal output from the pulse generator 1 7 to the 
output of the hold equalizer 1 1 . 

[0034] The lens of the pick-up 2 is driven in the 
radial direction of the disk 1 by the tracking coil (not 
shown) and by a focus coil (not shown) for focus control. 
The lens is controlled by the servo system so that infor- 
mation from the track is received appropriately by a 
receiving portion. 

[0035] FIG. 3 shows a detailed block of the auto 
gain adjustment block 9. The auto gain adjustment 
block 9 has a function for adjusting various error signals 
supplied from the pre-amplif ier 5 so that their levels 
become suitable for inputting into the servo equalizer 
10. In order to realize such a function, the auto gain 
adjustment block 9 has: a gain amplifier 20 for changing 
a gain of an error signal according to a gain amplifier 
control signal supplied from the micro computer 14; a 
first detecting block 21 for detecting a gain change 
amount of the error signal output from the gain amplifier 
20; an adder 30 for adding disturbance to the error sig- 
nal output from the gain amplifier 20; a disturbance 
source 29 for supplying disturbance to the adder 30; 
and a second detecting block 121 tor detecting a gain 
change amount of a signal output from the adder 30. 
[0036] The disturbance source 29 includes a gener- 
ator and generates a fixed disturbance element whose 
amplitude and frequency are constant. This disturbance 
element is added to the error signal by the adder 30 in 
order to check the level of the error signal. A switch SW 
controls as to whether or not the disturbance element is 
added to the error signal. The switch SW is controlled by 
the micro computer 14. 

[0037] The detecting block 2 1 has a band pass filter 
22 for letting a signal pass a frequency band of the dis- 
turbance signal, a converter 23 for converting the signal 
into an absolute value signal, and a low-pass filter 24 for 
eliminating a frequency component of the disturbance 
signal so as to make the disturbance signal be direct 
current. 

[0038] The first detecting block 2 1 is connected with 
an output side of the gain amplifier 20 via a branch point 



Y, and detects a gain change amount of the error signal 
including disturbance by circulating a servo loop. The 
first detecting block 21 has the band pass filter <BPF) 22 
for letting a signal pass a frequency band of the distur- 

5 bance component included in the error signal, the con- 
verter 23 for converting the signal output from the band 
pass filter 22 into an absolute value signal, and the low 
pass filter 24 for eliminating a frequency component of 
the disturbance signal so as to make the disturbance 

10 signal be direct current. 

[0039] The second detecting block 121 is con- 
nected with an output side of the adder 30 via a branch 
point X. The second detecting block 121 has the struc- 
ture same as that of the first detecting block 21 . 

15 [0040] There will be described below an operation 
of the apparatus according to the present embodiment 
based on the sequence ol FIG. 4. 
[0041] At first, when a power supply is turned on 
and CD is set (step SI), the micro computer 14 checks 

20 a predetermined address of the memory 15 and deter- 
mines as to whether or not adjustment values up to the 
last time are stored (step S2). Since the memory 15 is 
composed of SRAM (static RAM) or the like which is 
backed up by a super capacitor or battery, when values 

25 are stored by reproducing operations up to the last time, 
the values in the memory 15 are held even if the main 
power supply is cut off. 

[0042] When the determination is made the stored 
contents of the predetermined address have undefined 

30 values and they are not the values stored correctly (step 
S2: NO), namely, the determination is made that the 
memory 15 is newly used (first use after the memory is 
cleared) or contents of the memory 15 are destroyed 
due to a noise or another reasons, initial values of the 

35 adjustment gain values are transmitted to the gain 
amplifier 20 (step S4). 

[0043] When the determination is made that correct 
values are stored (step S2: YES), the previous adjust- 
ment gain values stored in the predetermined address 
40 in the memory 15 are transmitted to the gain amplifier 
20 (step S3). The adjustment gain values include a 
focus servo-use adjustment value (F) and a tracking 
servo-use adjustment value (T). These adjustment gain 
values are stored respectively in independent areas in 
45 the memory 15. 

[0044] After the transmission of the adjustment gain 
values to the gain amplifier 20 is completed, the auto 
gain adjustment is started (step S5). In the auto gain 
adjustment, the gain adjustment values to be set in the 
so gain amplifier 20 are finely adjusted by injecting distur- 
bance (hereinafter, the finely-adjusted gain adjustment 
values are referred to as the latest adjustment gain val- 
ues"). 

[0045] After the auto gain adjustment is completed 
55 (step S6), a muting signal for stopping an output 
inversely quantized to an audio signal system is 
removed, and music is reproduced (step S7). Then, the 
latest adjustment gain values are stored onto the prede- 
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termined address in the memory 15 at appropriate tim- 
ing (step S8). Here, the process shown in FIG. 4 is 
executed at timing that the set-up process of the CD 
drive apparatus is executed when the disk is inserted 
into the drive apparatus, or a key switch of a car is set to 
a Source-ON position or "Accessory (ACC)-ON" posi- 
tion, or the power supply of the CD drive apparatus is 
turned on. 

[0046] There will be described below a structure 
and operation of the defect detector. 
[0047] As shown in FIG. 5, the defect detector 1 6 of 
the present embodiment includes a bottom detector 31 , 
a comparator 32. a comparing level setting portion 33 
and an inverter 34. When the defect detector 16 detects 
a defect, it outputs a defect detected signal DFCT as a 
positive pulse signal. 

[0048] The description will given as to the operation 
of the defect detector 16. When a light beam passes on 
a black dot or scratch which exists on the surface of the 
disk, as shown in FIG. 6(A) or 7(A), the RF signal falls to 
a dark side and a defect occurs. The RF signal in which 
such a defect occurred is, as shown in FIG. 6(B) or 7(B), 
inverted to be read in the defect deiector 16, and is sup- 
plied to a bottom detector 31 shown in FIG. 5. Next, the 
bottom detector 31 generates an envelope on the bot- 
tom side of the RF signal having such a shape so as to 
detect the signal as shown in FIG. 6(C) or 7(C), and out- 
puts the detected signal to the comparator 32. 
[0049] A predetermined threshold voltage is applied 
from the comparing level setting portion 33 to the com- 
parator 32, and when the detected signal has a value 
lower than that of the threshold voltage, the comparator 
32 outputs a high-level voltage, and when the detected 
signal has a value higher than that of the threshold volt- 
age, the comparator 32 outputs a low-level voltage. As a 
result, in the case where a defect occurs in the RF sig- 
nal, as shown in FIG. 5, a signal, which becomes low 
level only for a period that the detected signal has the 
threshold value or more, can be obtained. The polarity 
of this signal is inverted by the inverter 34 so as to be 
output as the defect detected signal DFCT. Therefore, in 
the case where a defect occurs in the RF signal, the 
defect detected signal DFCT becomes high level for a 
period that the detected signal has the threshold value 
or more, and in the case where a defect does not occur 
in the RF signal, the detected signal is always low level. 
[0050] Here, in the defect detector 16, a detection 
time constant can be set arbitrarily, and the threshold 
value in the comparing level setting portion 33 can be 
set arbitrarily. 

[0051] In addition, the defect detected signal DFCT 
output from the defect detector 16 is output to the hold 
equalizer 11 shown in FIG. 1 and is supplied to the 
switch 12. The hold equalizer 11 removes n a horn- 
shaped component" from a tracking error signal output 
from the servo equalizer 10 in a period that the defect 
detected signal DFCT becomes high level, and outputs 
a tracking level which tracks an eccentric component as 
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a predetermined hold level voltage. When the hold level 
voltage is output, a contact of the switch 12 is switched 
to a side of SW2 shown in FIG. 1 , and thus the hold level 
voltage is applied to the driver 13. 

5 [0052] In the case where a black dot or scratch 
exists on the disk, not only the main beam but also sub- 
sidiary beams pass on the black dot or scratch. For this 
reason, in the case where a defect occurs in the RF sig- 
nal, a defect occurs also in a reading signal based on 

io the returned lights of the subsidiary beams. As a result, 
a normal tracking error signal cannot be obtained. 
Therefore, if the tracking error signal, which is obtained 
when a defect occurs in the RF signal is directly used, 
tracking servo is disturbed. However, in the present 

is embodiment, when a defect occurs in the RF signal, the 
predetermined hold level driving voltage is applied to 
the driver 13 as mentioned above, and thus stable track- 
ing servo is executed. 

[0053] Further, in the present embodiment, as 

20 shown in FIG. 8(C), a reset pulse shown in FIG. 8(D) is 
output from the pulse generator 1 7 in the period that the 
defect detected signal DFCT is high level. This reset 
pulse is a preset signal having a pulse width of Ta and a 
level value of Va. The reset pulse is supplied to the 

25 driver 13 via the adder 18 and the switch 12. After the 
output of the reset pulse is completed, the hold level sig- 
nal is supplied to the driver 13 for period Tb. 
[0054] As shown in FIG. 8(D). when the reset pulse 
and the hold level voltage are supplied to the driver 13, 

30 even if the subsidiary beams pass on the black dot or 
scratch, a shift of the lens in the pick-up 2 can be sup- 
pressed small. This effect will be described below. 
[0055] When the main beam passes on a black dot 
or scratch, in the case where the defect shown in FIG. 

35 8(A) occurs in the RF signal, the subsidiary beams also 
pass the black dot or scratch, and thus a change shown 
in FIG. 8(B) appears in the tracking error signal. As a 
result, "the horn-shaped component" is generated in the 
tracking error signal. A pulse-type signal shown in 

40 period Te in FIG. 8(D) is output from the servo equalizer 
10 due to "the horn-shaped component" so as to be 
supplied to the driver 13. As a result, the lens moves, 
and thus the position of the lens is shifted from the posi- 
tion corresponding to the target track as shown in FIG. 

45 8(E). 

[0056] However, when the reset pulse is supplied 
from the pulse generator 17 to the driver 13, a force of a 
speed reducing direction opposed to the direction of an 
accelerating speed applied to the pick-up 2 in period Te 

so is applied to the lens. As a result, the position of the lens 
starts to move towards the position corresponding to the 
target track. Then, since the hold level signal is supplied 
to the driver 1 3 in a period that it passes period Tb after 
the output of the reset pulse is completed, the stable 

55 tracking servo is executed, and thus the lens returns to 
the position corresponding to the target track. 
[0057] In addition, as shown in FIG. 8(B), the track- 
ing error signal changes for period Tf in a direction 
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opposite to the case of period Te so that a signal of 
polarity opposite to the case of period Te is supplied to 
the driver 13. However, since period Tf that the tracking 
error signal changes and period Tb that the hold level 
signal is supplied to the driver 13 are overlapped with 
each other, the change in the output of the servo equal- 
izer 10 with the change in the tracking error signal in 
period Tf is smaller than the case of period Te. As a 
result, the change in the tracking error signal in period 
Tf does not influence the movement of the lens. 
[0058] According to the present embodiment, even 
in the case where the subsidiary beams pass on a black 
dot or scratch, the displacement of the lens can be sup- 
pressed to a slight distance La as shown in FIG. 8(E). 
[0059] Here, the reason that "the horn-shaped com- 
ponent" appears in the tracking error signal when the 
subsidiary beams pass on a black dot or scratch will be 
described below with reference to FIGs. 2 and 9. 
[0060] As shown in FIG. 2, the two subsidiary 
beams are separated from each other in the tangential 
direction of the disk 1 . For this reason, a time difference 
AT appears as shown in FIG. 9 for period from the time 
that the leading subsidiary beam enters a black dot or 
scratch to the time that the trailing subsidiary beam 
enters the black dot or scratch. 

[0061] FIG. 9(A) shows output of the E channel of 
the photo detector obtained when the leading subsidi- 
ary beam passes on the black dot or scratch (see FIG. 
2), and FIG. 9(B) shows output of the F channel of the 
photo detector obtained when the trailing subsidiary 
beam passes the black dot or scratch. 
[0062] As mentioned above, the tracking error sig- 
nal is generated by subtracting the output of the E chan- 
nel from the output of the F channel (see FIG. 2). 
Therefore, when the time difference AT exists, a differ- 
ence in the outputs between the F channel and E chan- 
nel of the photo detector appears in period TC. As a 
result, as shown in FIG. 9(C), the tracking error signal 
changes so as to be projected to a positive side in very 
short period TC. Similarly, the tracking error signal 
changes so as to be projected to a negative side in very 
short period TD. These are "the horn-shaped compo- 
nents". Here, since the example shown in FIG. 9 shows 
the case that the hold level driving voltage is not applied 
to the driver 13 in order to ease the understanding, the 
waveform of the tracking error signal after the point C 
shown in FIG. 9(C) is different from that shown in FIG 
8(B). 

[0063] Here, since "the horn-shaped component of 
the tracking error signal is generated in very short 
period as mentioned above, it has a high frequency 
band which exceeds the range capable of responding 
by means of the servo equalizer 10. For this reason, the 
horn-shaped component passes through the servo 
equalizer 10 so as to be supplied to the driver 13 in the 
period Te as shown in FIG. 8(D). As a result, a driving 
force in a direction of accelerating the lens is applied to 
the pick-up 2, and a shown in FIG. 8(E), the position of 



the lens moves to a position shitted from the target 
track. 

[0064] In present embodiment of the present inven- 
tion, the displacement of the lens due to the generation 
s of "the horn-shaped component" is corrected by apply- 
ing the reset pulse having polarity opposite to that of 
"the horn-shaped component". 

[0065] The effect of the present invention is further 
clarified by comparison with the conventional example. 

w FIG. 1 7 shows a timing chart of the tracking servo sys- 
tem upon the detection of a defect in the conventional 
CD drive apparatus. As shown in FIG. 1 7(D), since only 
the hold level driving signal is supplied to the driver 13 
in period Tg in the conventional example, the influence 

is of "the horn-shaped component" supplied to the drive 
13 due to the change in the tracking error signal in 
period Te cannot be eliminated, and thus a moving dis- 
tance of the lens from the target track becomes a dis- 
tance Lb. The distance Lb is extremely longer than the 

20 distance La in the structure in the present embodiment, 
and due to this influence, it takes a long time by period 
Th compared with the present embodiment that the lens 
returns to the original position corresponding to the tar- 
get track. In the conventional example, in the case 

25 where a defect occurs in the RF signal and the reading 
signal of the subsidiary beam, the lens moves even 
while the servo is held, and thus the performance is 
deteriorated. 

[0066] On the contrary, according to the present 

30 embodiment, since the influence of "the horn-shaped 
component" supplied to the drive 13 due to abrupt 
change in the tracking error signal can be eliminated by 
the reset pulse having polarity opposite to that of "the 
horn-shaped component", even in the case where a 

35 defect occurs in the RF signal and the reading signal of 
the subsidiary beam, trie effect of the servo hold can be 
maintained satisfactorily. FIG. 10 shows data measured 
in the apparatus of the present embodiment. As shown 
in FIGS. 1 0(A) and 1 0(D), it is found that the reset pulse, 

40 which has polarity opposite to that of the pulse signal 
supplied to the driver 13 just before the defect detected 
signal DFCT becomes high level, is supplied to the 
driver 13 for period Ta, and then the hold level signal is 
supplied to the driver 13 for period Tb. As a result, as 

45 shown in FIG. 10(B), after the defect detected signal 
DFCT becomes low level, the value of the tracking error 
signal converges to 0 as the target value in short period 
Ti. 

[0067] Here, in the above description, since the 
so polarity of "the horn-shaped component" supplied to the 
driver 13 just before the defect detected signal DFCT 
becomes high level is positive, the polarity of the rest 
pulse is set to negative, but since the polarity of "the 
horn-shaped component" is different according to the 
55 structure of the pre-amplrfier 5, if the polarity of "the 
horn-shaped component" is negative, the polarity of the 
reset pulse may be set to positive. 
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(ii) Second Embodiment 

[0068] There will be described below the second 
embodiment of the present invention with reference to 
FIGS. 1 1 through 13. Here, the same reference numer- 
als are given to the parts identical to those in the first 
embodiment, and the description thereof is omitted. 
[0069] In the present embodiment, an amplitude of 
the reset pulse is changed appropriately with the fluctu- 
ation of the auto gain adjustment value. 
[0070] As shown in FIG. 1 1 , the CD drive apparatus 
of the present embodiment is different from the CD drive 
apparatus of the first embodiment shown in FIG. 1 in 
that the micro computer 14 is connected with the pulse 
generator 17. The CD drive apparatus of the present 
embodiment is constituted so that a corrected value of 
the amplitude of the reset pulse can be output from the 
micro computer 14 to the pulse generator 17. 
[0071] There will be described below the reset 
pulse correcting process of the present embodiment 
with reference to the flow chart of FIG. 12. 
[0072] At first, after the power supply is turned on 
and the CD is set (step S10), a check is made by the 
micro computer 14 as to whether or not adjusted values 
up to the last time are stored in the memory 15 (step 
S11). When the stored contents are indefinite values 
and the values were not stored appropriately last time 
(step S11: NO), the determination is made that the 
memory is newly used or the memory contents are bro- 
ken due to a noise or the like, and a constant gain 
adjustment value X (conventional initial value) is trans- 
mitted to the gain amplifier 20 (step S13). 
[0073] Meanwhile, when it is recognized that the 
appropriate values are stored (step S11: YES), a last 
adjustment value Y stored in the memory 15 is transmit- 
ted to the gain amplifier 20 (step S12). Since the gain 
amplifier 20 has memories for a focus servo-use adjust- 
ment value (F) and a tracking servo-use adjustment 
value (7), the values are transmitted individually to 
these memories. The process up to here is the same as 
the process at steps S1 through S4 in the first embodi- 
ment shown in FIG. 4. 

[0074] Next, an initial value A of the reset pulse is 
output to the pulse generator 17 (step S14). More con- 
cretely, similarly to the first embodiment, values of the 
pulse width Ta and pulse voltage Va are output to the 
pulse generator 17. As a result, in the pulse generator 
17, the pulse width and pulse voltage of the reset pulse 
to be output are set. 

[0075] Next, the auto gain adjustment described in 
the first embodiment is started (step S15). In the auto 
gain adjustment, similarly to the first embodiment, the 
gain adjustment value to be set in the gain amplifier 20 
by disturbance injection is finely adjusted so that the lat- 
est gain adjustment value is set in the gain amplifier 20. 
When the auto gain adjustment is completed (step 
S16), the latest gain adjustment value is determined as 
a gain adjustment value Z to be used for a correcting 



process this time (step Si 7). 

[0076] Then, the ratio of the gain adjustment value 
2 to the constant gain adjustment value X as the initial 
value is obtained, and this ratio is determined as a cor- 

s recting coefficient B (step S18). Next, the initial value A 
of the reset pulse is multiplied by the correcting coeffi- 
cient B so that a new set value A is calculated and the 
new set value A is output to the pulse generator 1 7 (step 
S19). Here, in the present embodiment, since only the 

io pulse voltage of the reset pulse is corrected, the con- 
tents of the new initial value A is a pulse width Ta and a 
pulse voltage Va' (= Va x B) . 

[0077] After the correcting process as below, the 
muting signal for stopping the output inversely quan- 

15 tized to the audio signal system is removed so that 
music is reproduced (step S20). The latest adjustment 
value Z deiermined at step S17 is again stored as the 
storage value Y in a predetermined address at appropri- 
ate timing, and the focus servo and tracking servo are 

20 ended (step S21). 

[0078] The process shown in FIG. 12 is executed at 
timing that the set-up process of the CD drive apparatus 
is executed when the disk is inserted into the drive 
apparatus, or the key switch of the car is set in the 

25 source ON position or accessory (ACC) ON position, or 
the power supply of the CD drive apparatus is turned 
on. 

[0079] Since the present embodiment has the 
above structure, even in the case where the gain of the 

30 servo equalizer 10 changes greatly, an appropriate 
reset pulse can be output to the driver 13. 
[0080] As described in the first embodiment, when 
the subsidiary beams pass on a black dot or scratch, as 
shown in FIG. 13 A, "the horn-shaped component" is 

35 generated in the tracking error signal output from the 
pre-amplifier 5, and "the horn-shaped component" is 
generated also in the output signal from the servo 
equalizer 10 as shown in FIG. 13B. Since the amplitude 
of the horn-shaped component is in proportion to the 

40 gain of the servo equalizer 1 0, if the state shown in FIG. 
13B is such that the gain of the servo equalizer 10 is 
gain a, for example, when the gain of the servo equal- 
izer 10 changes into a gain b which is twice as large as 
the gain a as the result of the auto gain adjustment, "the 

45 horn-shaped component" which is generated in the out- 
put signal from the servo equalizer 10 becomes larger in 
proportion to the change in the gain as shown in FIG. 
13C. Therefore, a distance that the lens moves due to 
the signal shown in FIG. 13C becomes longer by the 

so signal shown in FIG. 13B. 

[0081] In this case, in the present embodiment, 
since the pulse voltage of the reset pulse is corrected in 
proportion to the gain of the servo equalizer 10, as 
shown in FIG. 14C, the reset pulse having the pulse 

55 voltage ( Va* = Va x B ) corresponding to the amplitude 
of "the horn-shaped component" is output. As a result, 
the amount of the lens movement due to "the horn- 
shaped component" can be eliminated by the reset 



17 



EP 1 003 159 A1 



18 



pulse securely. Therefore, even in the case where the 
gain is adjusted according to the change in temperature 
or humidity, the stable tracking servo is executed, and 
thus deterioration in the performance in the CD drive 
apparatus can be prevented securely. s 
[0082] Here, the correcting process is not executed 
by directly using the correcting coefficient B but may be 
executed by multiplying the correcting coefficient B on 
which a certain weight is placed by the initial value A of 
the reset pulse. For example, the correcting coefficient 10 
B is multiplied by a coefficient k and the set value A of 
the reset pulse is obtained according to A x Bk, and the 
value of the coefficient k is changed experimentally so 
that the coefficient k, which is obtained when the dis- 
placement of the lens becomes the smallest, may be is 
adopted. 

[0083] In addition, in the present embodiment, the 
pulse voltage of the reset pulse is corrected, but the 
present invention is not limited to this, and thus the 
pulse width of the reset pulse may be corrected. 20 
[0084] In addition, the present embodiment 
described the example that the initial value A of the 
reset pulse is corrected, but the present invention is not 
limited to this, and thus similarly to the auto gain adjust- 
ment, a last gain adjustment coefficient C is stored, and 25 
in the auto gain adjusting process the ratio D of the lat- 
est adjustment value Z to the last storage value Y is 
obtained from Z/Y = D , and the ratio D is multiplied by 
the last gain adjustment coefficient C so that a final gain 
adjustment coefficient C may be obtained asC^-CxD. 30 

(iii) Third Embodiment 

[0085] There will be described below the third 
embodiment of the present invention with reference to 35 
FIGS. 15 and 16. Here, the same reference numerals 
are given to the parts identical to those in the first and 
second embodiments, and the description thereof is 
omitted. 

[0086] In the present embodiment, an RF signal or 40 
a tracking error signal output from the pre-amplifier 5 is 
read by the micro computer 14, and the reset pulse cor- 
recting process is executed according to a change in the 
levels of these signals. 

[0087] As shown in FIG. 15, the CD drive apparatus 45 
of the present embodiment is different from the CD drive 
apparatus of the second embodiment shown in FIG. 11 
in that the micro computer 14 is connected with the pre- 
amplifier 5. The CD drive apparatus of the present 
embodiment is constituted so that an RF signal or a so 
tracking error signal can be read from the pre-amplifier 
5 by the micro computer 1 A. 

[0088] There will be described below the reset 
pulse correcting process in the present embodiment 
with reference to the flow chart of FIG. 1 6. 55 
[0089] At first, after the power supply is turned on 
and the CD is set (step S30), an initial value A of the 
reset pulse is output to the pulse generator 17 (step 



S31). More concretely, values of the pulse width Ta and 
the pulse voltage Va are output to the pulse generator 
17. As a result, in the pulse generator 17, the pulse 
width and pulse voltage of the reset pulse to be output 
are set. 

[0090] Next, the focus servo is closed (step S32), 
and a level Y of the tracking error signal is read from the 
pre-amplif ier 5 by the micro computer 14 in the state 
that the lead-in of the focus servo is completed (step 
S33). 

[0091 ] Next, the tracking servo is closed (step S34), 
and the auto gain adjustment is started in the state that 
the lead-in of the tracking servo is completed (step 
S35). After the auto gain adjustment is completed, a ref- 
erence value X of the tracking error signal stored in the 
memory 15 is read by the micro computer 14, and the 
ratio of the level Y of the tracking error signal read at 
step S33 to the reference value X is obtained so that the 
correcting coefficient B is calculated according to 
Y/X = B (step S36). 

[0092] Next, the initial value A of the reset pulse is 
multiplied by the correcting coefficient B so that a new 
set value A is calculated, and the new set value A is out- 
put to the pulse generator 17 (step S3 7). Also in the 
present embodiment, since the pulse voltage of the 
reset pulse is corrected, the contents of the new set 
value A are the pulse width Ta and pulse voltage 
Va'(=Va x B). 

[0093] Here, the process shown in FIG. 16 is exe- 
cuted at timing that the CD drive apparatus set-up proc- 
ess is executed when the disk is inserted into the drive 
apparatus, or the key switch of a car is set in the source 
ON position or in the accessory (ACC) ON position, or 
the power supply of the CD drive is turned on. 
[0094] After the correcting process is completed, 
the muting signal for stopping the output inversely quan- 
tized to the audio signal system is removed and music is 
reproduced (step S38). 

[0095] Here, the flow chart shown in FIG. 16 does 
not show an updating process of the auto gain adjust- 
ment value of the first and the second embodiments, but 
also in the present embodiment, the auto gain adjust- 
ment value updating process similar to that of the first 
and second embodiments may be executed. 
[0096] In addition, in the case where the reset pulse 
correcting process is executed by using the RF signal 
level is used as reference level, as shown in a frame sur- 
rounded by a dotted line in FIG. 16, after the tracking 
servo is closed (step S34), the RF signal level is read 
from the pre-amplif ier 5 by the micro computer 14 (step 
S40), and after the auto gain adjustment (step S35), the 
reference value X of the RF signal stored in the memory 
15 is read by the micro computer 14. Then, the ratio of 
the level Y of the RF signal read at step S40 to the ref- 
erence value X is obtained so that the correcting coeffi- 
cient B is calculated according to Y/X = B (step S41). 
[0097] Since the present embodiment has the 
above structure, even when the level of the tracking 
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error signal or the RF signal is changed by influences of 
aging of the components in the CD drive apparatus, 
temperature and humidity, a stain on the information 
recording surface of CD, a stain on the objective lens in 
the pick-up 2 and the like, and when the loop gain of the 
closed circuit loop composed of the disk 1, the pick-up 
2, pre-amplifier 5, the auto gain adjustment block 8, the 
servo equalizer 10 and the driver 1 3 shown in FIG. 15 is 
changed, an appropriate reset pulse can be output to 
the driver 13. 

[0098] When the loop gain is changed, accordingly 
the gain of the servo equalizer 10 is changed by the 
auto gain adjustment, and as described in the second 
embodiment, the amplitude of "the horn-shaped compo- 
nent" of the output signal from the servo equalizer 10, 
which is generated when the subsidiary beams pass on 
a black dot or scratch, is changed. However, according 
to the above structure, an amount of the lens movement 
due to "the horn-shaped component" can be eliminated 
securely by the appropriate reset pulse, and the stable 
tracking servo is executed so that deterioration of the 
performance in the CD drive apparatus can be pre- 
vented securely. 

[0099] Here, also in the present embodiment, the 
correcting process is not executed by directly using the 
correcting coefficient B but may be executed by multi- 
plying the correcting coefficient B, on which a certain 
weight was placed, by the initial value A of the reset 
pulse. 

[0100] In addition, in the present embodiment, the 
pulse voltage of the reset pulse is corrected, but the 
present invention is not limited to such a structure, and 
thus the pulse width of the reset pulse may be cor- 
rected. 

(iv) Fourth Embodiment 

[0101] There will be described below the fourth 
embodiment of the present invention. 
[0102] In the present embodiment, similarly to the 
second embodiment, the correcting coefficient B is cal- 
culated based on the auto gain adjustment value, and 
similarly to the third embodiment, the correcting coeffi- 
cient B is calculated based on the tracking error signal, 
and similarly to the third embodiment the correcting 
coefficient B is calculated based on the RF signal, and 
the correcting process is executed by combining these 
correcting coefficients with each other. 
[0103] When the correcting coefficient B based on 
the auto gain adjustment value is a, the correcting coef- 
ficient B based on the tracking error signal is p, and the 
correcting coefficient B based on the RF signal is y, the 
initial value A of the reset pulse is: 

A <_ A*(m • <x)*(n • p)*(l • y) 

and a new set value A of the reset pulse is obtained so 
as to be output to the pulse generator 17. Here, m, n 



and I are coefficients for placing weights experimentally 
obtained in order to return a position of a beam earlier 
to its original position. 

[0104] Since a projected change in the tracking 

5 error signal generated upon the detection of a defect 
depends on the auto gain adjustment, the level of the 
tracking error signal and the level of the RF signal, a 
moving amount of the lens position upon the detection 
of a defect can be further smaller by using these three 

10 parameters. 

[01 05] In addition, also the process for correcting 
the set value of the reset pulse in the present embodi- 
ment is executed at timing that the set-up process for 
the CD drive apparatus is executed when the disk is 

75 inserted into the drive apparatus, or the key switch of a 
car is set in the source ON position or accessory (ACC) 
ON position or the power supply of the CD drive appa- 
ratus is turned on. However, this process can be exe- 
cuted at another timing. 

20 [0106] In addition, the CD drive apparatus ol the 
respective embodiments is provided with temperature 
detecting means for detecting a temperature in the 
apparatus. An output of the temperature detecting 
means is monitored, and when the output becomes not 

25 less than (or not more than) a certain level, the auto 
gain adjustment value, the level of the tracking error sig- 
nal and the level of the RF signal are read at the first 
interval of the music so that the correcting process may 
be executed. In such a structure, while the disk is 

30 inserted and the reproducing operation is performed, 
even if the temperature in the apparatus rises and the 
loop gain is changed, the appropriate correcting proc- 
ess can be executed for the reset pulse, and thus the 
lens moving amount upon the detection of a defect can 

35 be small. 

[01 07] Here, the above embodiments described the 
example that the present invention is applied to the CD 
drive apparatus, but the present invention is not limited 
to this, and thus the present invention can be applied to 
40 drive apparatuses for optical recording media such as 
MD (Mini Disc) and DVD other than CD. 



Claims 

45 1 . An apparatus for driving an optical pickup (2) for a 
tracking servo control, the apparatus comprising: 

an emitting device disposed in the optical 
pickup (2) for emitting a main beam to a first 

50 position on an information track of a recording 

medium (1) and emitting at least two subsidiary 
beams to a second position and a third position 
on the information track of the recording 
medium, respectively, the second position 

55 being different from the first position at least in 

a tangential direction of the recording medium, 
the third position being different from the first 
position at least in a tangential direction of the 
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recording medium, the second position being 
different from the third position at least in a tan- 
gential direction of the recording medium; 
a tracking error signal generating device (2, 52, 
53, 55) for generating a tracking error signal s 
using returned light beams of the subsidiary 
beams from the recording medium; 
a driving device (13) for moving the first posi- 
tion of the main beam and the second position 
and the third position of the subsidiary beams io 
with respect to the recording medium; 
a tracking control device (5, 9 to 12, 14, 15, 17, 
18) for outputting a driving signal based on the 
tracking error signal to the driving device; and 
a detecting device (16) for detecting a dam- 75 
aged part on the recording medium, 
wherein the tracking control device comprises 
a pulse signal generating device (17) for gener- 
ating a pulse signal having a polarity opposite 
to a disturbance part of the driving signal gen- so 
erated due to at least one of the subsidiary 
beams passing on the damaged part, and the 
tracking control device uses the pulse signal as 
a part of the driving signal. 

25 

2. The apparatus according to claim 1, wherein the 
tracking control device (5, 9 to 12, 14, 15, 17, 18) 
further comprises a signal maintaining device (11) 
for setting a level of the driving signal at a hold level 
after the tracking control device uses the pulse sig- so 
nal as the part of the driving signal, and maintaining 

the hold level for a predetermined period of time, 
and the hold level is equal to a level of the driving 
signal in a state before the detecting device detects 
the damaged part. 35 

3. The apparatus according to claim 2, wherein the 
signal maintaining device (11) maintains the hold 
level until a detection of the damaged part with the 
detecting device ends. *o 

4. The apparatus according to claim 1 , 2 or 3, wherein 
the tracking control device (5, 9 to 12, 14, 15, 17, 
18) further comprises a pulse setting device (14) for 
setting a level or a pulse width of the pulse signal on 45 
the basis of an amount of a movement of the main 
beam due to the disturbance part of the driving sig- 
nal. 

5. The apparatus according to claim 1 , 2 or 3, wherein so 
the tracking control device (5, 9 to 12, 14, 15, 17, 

18) further comprises: 

a gain detecting device (1 4) for detecting a gain 
of the tracking control device; and ss 
a pulse setting device (14) for setting a level or 
a pulse width of the pulse signal on the basis of 
the gain of the tracking control device. 



6. The apparatus according to claim 1 , 2 or 3, wherein 
the tracking control device (5, 9 to 12, 14, 15, 17, 
18) further comprises: 

a level detecting device (14) for detecting a 
level of the tracking error signal; and 
a pulse setting device (14) for setting a level or 
a pulse width of the pulse signal on the basis of 
the level of the tracking error signal. 

7. The apparatus according to claim 1 , 2 or 3 further 
comprising an RF signal generating device (51, 54) 
for generating an RF signal on the basis of a 
returned light beam of the main beam from the 
recording medium, and wherein the tracking control 
device (5, 9to 12, 14, 15, 17, 18) further comprises: 

an RF signal level detecting device (14) for 
detecting a level of the RF signal; and 
a pulse setting device (14) for setting a level or 
a pulse width of the pulse signal on the basis of 
the level of the RF signal. 

8. The apparatus according to claim 1 , 2 or 3 further 
comprising an RF signal generating device (51, 54) 
for generating an RF signal on the basis of a 
returned light beam of the main beam from the 
recording medium, and wherein the tracking control 
device (5,9to12, 14, 15, 17, 18) further comprises: 

a gain detecting device (1 4) for detecting a gain 

of the tracking control device; 

a level detecting device (14) for detecting a 

level of the tracking error signal; 

an RF signal level detecting device (14) for 

detecting a level of the RF signal; and 

a pulse setting device (14) for setting a level or 

a pulse width of the pulse signal on the basis of 

the gain of the tracking control device, the level 

of the tracking error signal and the level of the 

RF signal. 

9. The apparatus according to claim 8, wherein the 
pulse setting device (14) comprises calculation 
device for generating a calculation value using a 
first value representing the gain of the tracking con- 
trol device, a second value representing the level of 
the tracking error signal, a third value representing 
the level of the RF signal, a first coefficient for 
weighting the gain of the tracking control device, a 
second coefficient for weighting the level of the 
tracking error signal, and a third coefficient for 
weighting the level of the RF signal, and the pulse 
setting device sets the level or pulse width of the 
pulse signal on the basis of the calculation value. 
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FIG. 12 
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FIG. 16 
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